Zinc oxide nanoparticles synthesized via simple precipitation method and aged at different time were used as photoanodes of dye sensitized solar cells (DSSCs). The structural and the optical properties of the obtained zinc oxide nanoparticles were investigated. The performance of the assembled solar cells was studied and the efficiency of such cell was compared as a relation of the aging time of the ZnO nanoparticles.
Introduction
The wide band gap semiconductor of band gap > 3.2eV , with a high exciton binding energy of 60 meV and its high electron mobility make Zinc oxide as one of the most interested candidates for many technological multidisciplinary applications, such as in solar energy conversion, thin film transistors, catalysis, nonlinear optics, gas sensors, pigments, cosmetic, etc. (Chou, et al. 2007; Gao and Wang 2005; Hachigo, et al. 1994; Han and Kim 1998; Harada, et al. 1992; Hotchandani and Kamat 1992; Ko, et al. 2003; Lee, et al. 1995; Lieri, et al. 2005; Morkoc, et al. 1994; Sakohara, et al. 1992; Shishiyanu, et al. 2005) .
Nanostructured size zinc oxide can be found in different forms, like nanoparticles, nanorods, nanobelt, nanoflowers, etc. (Kharisov 2008; Li, et al. 2011; Liu, et al. 2004; Yi, et al. 2005; Yum, et al. 2008) . It is favorable for electron transport, easily crystallized and anisotropically grow in a variety of morphologies. Due to its unique properties, it has been proposed as alternative photoelectrodes in Dye Sensitized Solar Cells (DSSCs) in order to achieve better performance.
DSSCs have attracted much attention due to their low cost manufacturing, fabrication on flexible substrate and simple construction (Grätzel 2003; Hagfeldt, et al. 2010) . Despite these advantages, the maximum certified efficiency for DSSCs is much lower compared to silicon based solar cells. Much research has been focused to enhance the performance of DSSCs with different anode materials. Common photoanode materials in DSSCs are TiO 2 , ZnO NPs film on transparent conducting oxide (TCO) layers (Grätzel 2003) . The popularity of such materials is due to their large surface area and chemical affinity for dye adsorption as well as their suitable energy band potential for charge transfer with dye and electrolytes (Grätzel 1991) (Bandara, et al. 2005) . The structure and morphology of the photoelectrode play a vital role in developing such materials (Kuang, et al. 2007 ). The improvement of the conversion efficiency can be attributed to the larger surface area, which is a goal of most researchers.
In this work, zinc oxide nanoparticles were synthesized using simple precipitation method and aged at different periods. The structural and optical properties of the obtained nanoparticles were characterized using different techniques. Solar cells were assembled using the different synthesized nanoparticles as photoanode. Their performance parameters were investigated and a comparative study was presented.
Experimental Set Up

Synthesis of the ZnO nanoparticles
ZnO NPs were synthesized using simple precipitation method at different aging time.
8.0 g of 3 2 2 2 (Zn Ac) was dissolved into 100 ml of pure methanol under vigorous stirring for 30 min at 60℃ followed by sonication for 30 min until a clear and transparence solution was obtained. Dissolving of into hot methanol completely under vigorous storing means total hydrolysis of forming acetate ions and ions. 5M solution was added drop wise into the acetate solution under vigorous stirring until the pH reached 12. Then, the clear solution was transferred to milky white slurry suspension. The white precipitate was stirred for different aging times of 20, 30, 60 and 90 min that were titled as S1, S2, S3 and S4, respectively. After that, the precipitate was stirred slowly at room temperature overnight. White precipitates were carefully collected and washed with absolute ethanol five times for 1.5 hours using centrifugation at 3500 to remove the non reacted materials. Zinc hydroxide can be, easily, converted to by drying. So, the product dried at 65℃ overnight. Finally, the product crashed using mortar and pestle to produce fine powder. The structural properties of the were characterized using different techniques.
The structural characterization of the obtained nanoparticles was carried out using an X-ray diffractometer ( ) (type: Philips Expert), using Cu anode material operating at 40 kV and 30 mA with = 1.5418 employing a scanning rate of 0.02 −1 .
Transmission electron microscopy ( ) is a good tool to determine the particle size and morphology of the nanoparticles down to a nanometer scale as well their crystalline structure. Their structure were characterized using a high resolution transmission electron microscopy ( : ( − 2100), ).
The − absorption measurements have been performed using double beam ℎ − 1601 with a diffraction gritting with self-aligning, energy-optimizing deuterium lamp for ultraviolet region and halogen lamp for visible region to enhance the accuracy across the − spectrum and into the near infrared ( ).
Fabricate and assembly the device (Solar cell)
The pastes of were prepared by mixing 0.3 g of nanopowder with 0.6 g of Polyethylene glycol ( 400) using a mortar and pestle for 10 minutes. The pastes were deposited on fluorine-doped SnO 2 ( ) coated glass substrates, using the ''doctor blade'' technique forming 0.5 × 0.5 cm layers. The layers were dried at 100°C for 60 min followed by Photovoltaic properties of were characterized using simulated 1.5 sunlight illumination with an output power of 100 / 2 .
Results & Discussions
X-ray diffraction ( ) patterns was used to provide the information about the crystal structure and the grain size of the NPs. Fig. 1 depicts the patterns of the of thesamples S1, S2, S3 and S4 of the synthesized . The patterns of the synthesized samples matched with the standard hexagonal wurtzite structure phase of ( . 067454). 
High Resolution Transmission Electron Microscopy ( HRTEM )
The morphology of the sample S3 of the synthesized was studied by highresolution transmission electron microscopy ( ). 
UV-VIS absorption characterization
The effect of the aging time on the optical properties of synthesized of were studied by − absorption spectroscopy. Fig. (3) represents the typical − absorption spectra of the samples S1, S2, S3 and S4 of the synthesized ZnO NPs, which are recorded at room temperature. This figure indicates that, the corresponding absorption edge was positioned at 353, 364, 365 and 368 nm for the samples S1, S2, S3
and S4, respectively. These peaks indicates that the absorption edges shifted towards the higher value of wavelength (red shift) with increasing of the aging time. This shift may be attributed to the increasing of the average particle size, which agrees with the study in ref. (Almoqayyad 2012) . Based on the − absorption spectroscopy of the samples S1, S2, S3 and S4 of the synthesized . The energy gap (E g ) was estimated using Tauc Davis and Mott relation ( ℎ ) 2 ∝ (ℎ − ), as shown in Fig. (4) . The estimated values of were decreased from 3.52 eV to 3.36 eV as increases of the aging time from 20 to 90 min. This shift may attributed to the increasing of the average particle size, which agrees with studies by (Almoqayyad 2012 Fig. (3) UV-VIS. spectra of pure ZnO nanoparticle samples S1, S2, S3 and S4 at different aging times using simple precipitation method. 
Fig . (4) ( ) versus the photon energy of pure ZnO nanoparticles S1, S2, S3 and S4 at different aging times using simple precipitation method.
Cell Performance
The performance of the synthesized as a semiconducting photoanode layer was tested using as dye sensitizer. The characteristics − curves of different DSSCs fabricated with different nanoparticles that aged at different times S1 to S4 are depicted in Fig The open circuit voltage ranges between 0.34 V for the cell S2 and 0.454 V for S1, while the current density has the maximum value of 0.985 for the cell S1, and the minimum value of 0.577 for the cell S4. The increase of the open circuit may be attributed to less charge recombination, and the increase of the charge injection results to an increase of the photocurrent density. This may be attributed to more dye loading on the surface of the nanoparticles. The fill factor of the fabricated cells ranges from 49% to 61.7% for S1 and S3, respectively. The highest fill factor was observed for the S3 and the lowest fill factor was obtained for the cell S2.
In general the cell S1and the cell S3, have relatively higher value of the output power and efficiency, on the other hand the cell S2and the cell S4, have relatively lower value of the output power and efficiency. Generally, the low values of current density may be attributed to missing of the anchoring group in the chemical structure of .
Ideal sensitizer must have at least one anchoring group such as, − 3 2 , −Py , -COOH and,−SO 3 H. This groups makes a strong link between semiconductor surface and the dye molecule, in order to enhance electron injection from the energy level of the dye molecule to the conduction band of the semiconductor layer (Calogero, et al. 2015) . Table2: Photovoltaic parameters of the DSSCs fabricated using pure ZnO NPs samples S1, S2, S3 and S4 using simple precipitation method.
Conclusion
It was concluded that the aging time of the zinc oxide nanoparticles influences their structural properties. An increase of the particle size was calculated by increasing the aging time, which is in agreement of the shift found in their absorption spectrum. 
